


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1965 


Construction industry user feedback analysis 
of the Critical Path Method. 


Martinelli, Salvatore A. 


http://hdl.handle.net/10945/11847 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
D U DLEY research materials and institutional publications created by the NP3 community. 
3 Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
KNOX appointed — and published — scholarly author. 


LIBRARY 





Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 


http://www.nps.edu/library Monterey, California USA 93943 





pu. ——-—-— — 


NPS ARCHIVE 
1965 
MARTINELLI, S. 


Thesis 
M35 92 


| 
| 


Salvatore A. Martinelli 


CONSTRUCTION INDUSTRY USER FEEDBACK ANALYSIS 
OF THE CRITICAL PATH METHOD. 


Library 
U.S. Naval Postgraduate Scheo! 
Monterey, California 





CONSTRUCTION INDUS PRY 
USZR FiDBACK ANALYSIS 
UN PES) 


CRITICAL PATH METHOD 


by 


SALVATORE A. MA-:TINZELLI 





TSUTENANT( IG), CIVIL SNGINEGR CORPS 


Uw DEED STATES NAVY 





CONSTRUCTION INDUSTRY 
USER FEEDBACK ANALYSIS 
OF THE 


CRITICAL PATH METHOD 


by 


SALVATORE A. | 
LIEUTENANP(JO) CIVIÍ/ ENOINEER CORPS, 
UNITED STATES WAVY 


BeSey United States Naval Academy 
(1962) 


SUBMITTED IN PARTIAL FULFILLMENT 
Or THE REQUIREMENTS FOR THE 
DEGREE OF MASTER OF 
SCIENCE 
at the 
MASSACHUSETTS INSPITUTE OF TECHNOLOGY 


February, 1965 
Signature of Author 
Department of Civil Engineering, Pebruary, 1965 


Certified by 
Thesis Supervisor 


Accepted by 
Chai raan, Departmental Committee on Graduate Students 





Liftrary 


U. . Navel Portaraduate School 
Monterey, California 


ABSTRACT 


COEL XNDUSTHY 
USER VEERIDEACK ANALYSIS 
Y THE 
CAZTICAL PATH METHOD 


LEJO) SALVATORE A. MARTXHELLI, CEC, USE 


Cubaiticd to the Department of Civil Engineering on 10 January 1965 
in pertial fuifiliment of the raquiveuents yor the dogres o? Master 
cf Science: 


Tais thesia in goneral zupleros and develops the overall thuwhte 
Of & largo group of major construction firus with regard to the Critiasl 
Path Method, in an attempt to gather the opinions of the conshruabion 
iminustry o4 a whole. It alec explores the actual Chi procedures our- 
rently in use and ankes recoamemistions es to possible iaprovenents. 


The imtccview ecameept, both written and coral, as explayeóú az 
the rathod cf s-coanxeb5 aná Ante collection. with thirty-one companies 
participating. A most carefully devised questionnaire was scuposed 
and vas used exclusively during the research phase. In order to obtain 
8 conclusive cscpis, the firme combacted vere of varying size, operated 
throsghout the vorid, and opccielies] in all the major construction 
Lielas. 


After having = ‘!o> «31. tie splatens and procedures, the condined 
Gate vere azmlyeed in i. o. vino major topics of application. The 
consenoub o? the compris. i 650 recorded in each af tho fíelle, any pos- 


gitle gensrel trends wort ldilustreted, end conclusions end recoumendatians 
vero thon presented. 


PSA the general concepts were then summrized in a compery 
simulation of CPM uso, intended for study by any construction company. 


Thasis Supervisor: Albert G- H. Diet» 
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$les: Professor of Civil Engineoring and 
Professor af Architecture 
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CRITICAL PATA METHOD 


CHAPTER 1 





lol Bockercurá 

Since the edvent of tha construction tocol known comacniy as the 
Critical Path Kothod oc Critical Path Scheduling, there hae been Gx- 
pronecd on the port of many inflnenacial organizations a great desire 
that this method be mora or lesa universally accepted by all construc- 
ticn fize3, rogexdless of oigo cr prime area of cperatica. The Critical 
Pata Method, hereinafter referred to ns CRN, has been describod in much 
Gctoll in eimost 011 construction industry or civil engineering period.» 
tenis and tollotino. While such publäshet articles do resdlly epit 
that the cencopts involve’ in CPI are infeed a marked departure froa 
treditioml idees with vegard to prejest planning and contrel; none, 
2.7 any, hes atloucted to aetually delineate the areas of usefulness of 
Cla, nor its poceibie snoricomings or pitfalls. 

Moss such deseriptive papers have ettespted to Lligstrate the 
power ef CEM by means of the noraaily useful — aná example concept. 
Such articles usually pası elung their information * documenting for 


the reader the ectual cxperiences of a particular construction company 














on a particular project in utilizing CPi. While this approach is of 
great value to the very fev other projests whieh exactly fall inte the 
area cf the exemple job, it is consequently of little value to the vast 
majority of ether varied construction companies, due in no emall part 


to the inherent very diverse mature of the construction industry itself. 





She ehoricerings of the abcve deseribed esthoda of yromulsating 
CEM fell into tvo possibilities. The first of these in that such 
articles deal only with successful applications of CPH on sore type 


senced to the reader which 





of eonstzuction vork. Trus e picture is nee 
could lead hin to bellevo that CPM could prove to be a sort cf panacea 
in the arce of constxeuction control. This, of course, ia far fron the 
nmothol's5 purpose er true verik. Tho render is rarely introínecd to 
areas ef CPM failure of broso o? losa than outetanding eucesss. Thus 
ho ls coapletaly unsun;o o2 sony possibilities for Pinanelel or crera- 
tionel disaster vhich couli result from luproper CPM ubliieation, av 
Least until he first ettempts its use in sach a blind mennar. 

The second shoricomins of pass papers coneerns the aspects or 
eonstruation diversity. Is a heavy construction contractor able to 
effectively reach o conclusion concerning the epplicability of Cx 
in his fiold by means ef reading The results attained by a building 
contractor using Chil om a rehabilitation project? Except fer the 


most general espects, ene vould prehably think not. 








| hie gosi io accomplished by means of feedback fron the 
E construction | industry itself, through the mcdium of the personal or 
corresponded interview., The firws contacted are ensegsd in ell ths 
possible arcas o2 construction, with operations around the vorl4, and 
‘Pinsacially range from the vary suall to the true @iants of construction. 
By means of @ geientifioaily deltuccd quentiommairva responses are received, 
collated, aná evaluated in corlor to prodace crue and objective results 
for the ultimate benefit o^ tho construction industry itself, in con- 
clusion, this veper treats GPM as e wethed for the use of the construc- 
tion industry at large and attemsts to actually pinpoint its areas of 


true value and ito possible cericus Qc2eats eco voli, 


1.5 Why a Paper cn CPM? 
The reader may ask with justification why sueh exphasis is being 
placed end exerted in the area of Ch? Today's increased tempo ani 


coxplexity of construction operations place a definite added strain on 
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aing projects vy the use of ber cbspts, or the uore 
perf r ed their taske well end adequately, how often has a project 
aw wished for a less sited and nore sophisticated 


ling tha’ would graphically illustrate on paper the 





Pay =, sarge construction project ties together? One that would furti 


ettempt to pinpoint supply delivery and sub-contractors starting dates; 
a D y l) " | i 

k and L write engineers’ specifications into the art 

B A 








bnd > 


'0 e mans for providing dato fer caleulating manpower 





g financial forecasts at any given stage of the 


A 
Metho& is just tho solution to all the above listed problems. Ya it 
E 
Just that? Iu io hoped thet this paper will anaver some or all of 


these questions to the satiafection of the reader. 
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pelefly describe the evolution of CP asa will eleo present a fev 
: X oe | | p 
exazples of its possible intended 


critical path as generally eccepted as heving had its beginning 
at the B. I. duPont de Narcurs Company of Wilmington, Delaware in 1957 
under the direction of Hr. J. B. Kelley of the Rand Corporation, who 
wes hired in en attempt to devico a method of planning, scheduling, 
aud coordinating new plat construction. A new method ín the ares 
ves formulated and tested et GuPont on a ten million dollar project, 
end vas further tested an several other projects in the Following 


year with geod. results. 
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E. 
eliey aná Mr. Walker of duPont publishoi 


+ solution to this 





a At about this case tico “ho Special Projects Office of the United 


States Navy contracting vith the consulting fira of Booz-^llen and 


‘Hamilton vas uorking toward en intricate scheduling end control system 





or the development of the Polaris miseile under tho diroction of Vice 


Aéevizal. W. Reborn, UEN. When fommilatel, this eysten was called 





rom Bveluation anf Review Technique. The fact that the Polsris 
program vas completed vell in sdvance of cchedule uas in no small pszt 
dus to the results af FIRT. This systea utilized most probable ura- 
tions to coco caros En ite applications. Ao o remmit of PERT'S firmi 


fucoo58, it ic rou pequircd an all major projects for all services. 


2.5 The Arrov Diegren 

All constructios projacto, rogerdleos of comploxity, mst de 
vubldivicad for planning muycres into a series ef segmento dealing 
with the vorious aspects cr types of construction processes. These 


spheres may be further broken dows into individual activities of work 
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her TER" wall is completely 


+ fhe level ef detail herein implied ío entircly variable. As 
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progrosc coiere along tbe duration af e project. 
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vow diagzes chous the relationships between these activities 
i to tall node, with the diagram usually not drawn to ecale. In 


Xiel the srrzow head end toil reproceut evento while the arrow, 


— A - o ——— A E +8 E I — p ET ES E 
iúsel£, renresents an ectivaty; further, the head of the arrow indicates 
p — 
tho complevion o? that activity- The cequence of errows indicates the 





soouence ot actvol work; thet is, ectivities originating at each node 

c i 
apo , y 

cannot be stertad until ell activities terninating at that node are 

completed. 

- MM "T ^ | ; 

The folicwing figure illustrates en Arrow Gingres in an edcquete 


Tanner The Figure presento a project with five ectivities. Hote thet 
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In order to properly coustruct en arrow diegram ono must 


necessarily know or devise the activities thet comprise the project 


and the restraízto that will deternine the sequence of eotivicies. » 
EA —— 
The restraints ere thomo arm Lo construction, namely: management, 


The 
I / . - » 

5 yoysicol , Gnd crew rostrolsto. Often two activities cona presumably 

ne nce et the samo point in tige; however, space, safety or lack of 


manpower could prevent this simutancous operation. Decisiones mast then 


te mado by manogenent as te the cernect planned order of activities. 





2.7 The Aldstion of Costs 
By proper uses of the above explained arrow diagram, cone of 
the advantages of CFM may be brought forth. These ars answers to the 
questions as to which activities should be speeded up, how much, and 
| at whet cost. if an operation is performed with e certein crew of 
vorkers cer a perticuler tine duration at what is considered to be 
the efficient Mix, euch @ pericd is claseified as the "normal timo" 
for the execution cf ceid Opcvotion,. When cenagement elects to 


decrease thie duretion, thrcush the eddition of men and machines, 
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Figure 2.2 ie such sivpliricd for illustrative purposes, but it 
does present the priwasy concepts of crashing. When one reaches the 
slogo point of infinity, further crashing is undesirable. When costs 
are to be implemented in CFM uses, the following information 4c 
included on each activity on the ayrov diagram: norm] tise, noran 
costa, crash time, and crash costs. All costs are expressed ona per 


day unit cost basis, in order to aid one in crashing caleuletions. 


A 








A nn nn a K ME 
— — — —— — 
A ADO zaa, — — — — Emo ml 
— — —— — — —— — 
i, aa miiia and rns! ~d st epar ma NC 

O MA 














‘ 
1 


— 
A 
Pl ne — 
- — om — [= l u 
Gh. atti ty ale alas * | eS a "wm 
— quM A 4 AA ¿e e = «ei 
ü “MA A oa Y — * 


Lee d aum O es > >» ». ct 
- )————— ^X — A A u u Mi — 


(wr c gad) at Aa 6.36 / c - A 










A n o n 
s » figure (2.3. The information on these activities allow 
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which is more important on cach neriicular project. This is done by 





le with resprä to time anf costs, depending upon the factor 


time, with activities being crasaed ty means of an itara ative pre d 





ucing, in cost cases, a pre-prescribed algorithm for this use. The 





vlvigate schedule presents ell aotivitios at erash positions, vi thin 


tho allocated economic limits. 


| 2.8 Picar 
Lot us now briofly turn to the $053e of floats. If, ina 
pertieular neivcsk, an sotivity is alicoated more tine than is 
required to coaplete the task, thie excess tive In called "Zicat", 
‘In CPM there exist four types of fleet, whose differences will not 


be dealt with in this paper. Pleat ectually occurs when the tigss 
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z the critical path. This means that if any of said activities 
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are lengthened, the entire job Gwation will also be increased. ze 





det that in rervoruiag project sob 








activities be echeduled first, based wpon the amcunt af float, if auy, 


e ratledie. 
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2.9 CFM Hon- cost Uses 
CPM project networks will give results which are the developed 


schedules alone, or with the inclusion of crash cost data and caloula- 





tions, the project cost calculations will also be derived. 
- 
the very mary unprediciable aspects of construction, the latter refine- 
ment process is but very seldon utilized. More will ts said on this 


gatter lster in this paper. 


2.10 Consiusion 
Tule chapter is uct 36 002 intended to be an all-inclusive de- 
seription of uses end movnoin ol the critical path concept. actually, 
in all truthfulness It is far frou such a teaching eid. Its purpose 
is simply to illustrato only in a very general end simple manner the 
tesic concepto of CFM. For a complete and thorough description of 
CI, its theory, concepts, and application tne reeder is referred to 
any of the excellent references listed in the bibliography. The 


reader has now progressed thrcugn the early history and evolution 
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of CPM and then hes seen hov coss of ite principles are applied. Ho 





— 
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roduced to possible sophisticated additions 


a 
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he use of CHI; regardless of whether or not such 
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= MT o d f 5 
edopted ty the construction imiustry. Xt is exactly thio poínt which 
leads the reader into the tasie heart of thie paper end its purpose, 





i > and Impressions of the construc- 
tion industry at large with regard to CFM based upon ite experiences 
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CHAPTER 3 


METHOD OF PESDBACK 





sstionmire and Presentation 


In order for a study much as this to be at all worthwhile, it 





ED 
was éstermincá that sone cbjective mediun of gathering information 


had to be developed. This would insure that all componies questioned 
would present their views in a more or less constant meaner, end would 
thus allow effcctive analysis of the entire group on e basis of equal 
effective merit. With thia in mind, a written questionnaire was 
decided upon as the best manner of elioinsting eny bios on the part 
of the person conducting the interview, as well as that of the inter- 
viewee. This mthed dooa, hovever, preceat one disadvantage in that 
the participating conmzenios wore forced to conform to the format af 
the cuestion sheet; thus, tho leyout of the mterial needed was of the 
utnost Importance. 

The questionnaire itself was divided into nine mejor portions. 
The first of these was of g biographie nature in that it involved 
statistical information on each of the companies». This would prevent 
comparison, in the ansiygis, of firms which were cbviously not at all 
Sialler in nature, Ineluced here vere mich points es annuel volume of 
work and peimery Goograpa(1cal areas of infiuence., This was followed 
by @ section on electronic data processing characteristics of the 


firas. In today’s computer-oriented business world, the need for 














2e 
such a section is obvious. Then followed an area which attempted 
— 
y M, p = Ñ — x K n - 
determine the current CPM becksvound of each company, which was coupled 


with a usege analysis of each firm*s CPM procedures, if applicable. 
7 





amo @ most important area concerning executive management partic- 
ipetion in the CPM field, with great stress pleced upon the word 
executive . The present CFM control procedures in use by each firm 
were then discussed, followed ty e determination of total company 
involveaent in Ci. Construction specification requirements cancern- 
ing CEM procedures were then studied. Finoliy a summary portica was 
presented to gather the firmo’ overall evaluation of CPM, along with 
em ares which shored cich iira to procent its own unbound thoughts 


end reccmmeniations. Ti io Toli that this questionnaire concept did 


£^ 


raced fulfill the zesuirements of this writer; and es such, its 


genoral formet will also ba folleued in writing this paper itself. 


In all, the sample space, thich forms the besis for thie paper, 
ie coaposed of thirty-one construction companies in most overy type 
OP? onechalty werk. bt woo felt, in order to be sure of thorough 
participostion, t.i the method cf perecaal intesview was to bo pre- 
ferred. Twenty-one of the compenies were indeed contacted in this 
manner by the suthor. These firms were elther based in the Neu 
Englaná area, or head offices lccated in Heu England. In order to 


enñin a broader croso scecuion, iv was decided that firms paced across 









Ye boue 
willeee ds major companies p 















In every company it was imperative that completion of the ques- 


jionnaire bo approved ty a mexber of the executive management group. 
Em 7" | 
Also pit ves requested that the interview also be conducted with a 


‘ member | ot executive mnnconent. The cooperation on the part of the 





o— coxpeníes vas cuistanding. In over ninety percent of 





the firmo > the official interviewed was either the firn president or 


¿A one of the vice-presidents. Tor o complete analysis, however, such 
E 


personnel es project usnaccrs, Piel s 





anderi 8, and field engi- 


neers vere requested to participate whenever posoible. Throughout 





"9 8 paper the euthor cannot praise enough the participating companies 
for their Guistending cooperation and villingness to freely reveal a 
great Geol of Worthwhile information. This proved to be a true high- 


lighis of the research phase of this report. 


Althcun most firms were very willing to heve their names revealed 
herein, Zor thc Lonofit of uniformity, a general rule was agreed upon 
which prevents such Gisclosures. The corbined annual volume of work of 
tho participating Pirms comes to an emount in excess cf one and one 
quarter billion dollars, or eppromimitely one end one half percent of 


the amount expended for construction in the United States lest year 
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all types of work. Tilo furihor represents over two percent cf the 


unt expended for nev construction. Individual companies ranged fron 





anal volumes in excess of two hundred million dollars down to e couple 
of firas whose total was in the vicinity of one million dollars. 

The types of work further displayed a tremendous variety. Seven- 
teen organizations were engaged priserily ån the eres of building con- 
struction, five fell into the class of heavy construction, end four vere 
industrial constructors. The retaining five companies were involved in 
mechanics or electrical specialties and were primarily engaged in sube 
contract types of work. ALL the finns in general engaged in all types 
of convractural relationships Tron lump-cum bid work through the entire 
rango to strict negotiated coct-pius arrangements. 

The firms wera homo based fron const te coast on the North 
Asericnn Continent, including Conada. Theyre was a definite majority 
se Nov England based companias; however, most of these were saaller 
in size, with three exceptions. The larger companies vero from such 
diverse polnts as the Gulf Coast, Pacific area, mid-vect, central 
Canada, and middle Atlantic regions. These compantes literally 
mereated cn a world-wide basis, with work currently undervay on ell 


the continents with the ezceptien of Antarctica. 


3.4 CEM Crogs-Section and Summary 
the CPM experiences of the firms presented the conciro gamit of 


possibilities. Some use CPM in all instances, some only when requirai, 










« 


one have used 1% aná no longer 00 c0, some vary from project to 


yeara to construction companies, specification writers, and students 


of the construction process. 


17 






















ANALISIS OF ERECHRONEC DATA PROCESSING 


D 


ied Background [end Treo 
L 
4 in recent years the concept of electronic data processing systema 
Pe cw | 

has hed a most significan? lopaet upon the greeter tusiness world, and to 








e pure text the construction industry es vell. One could surely 
et — with little fear of being greatly in error, thet computer systems 
avo on inportans part of toucrrow's business operations. Computer tech- 
I / / | 

| pelony i further growing ot a fantestic rate end is sure to result in 


ercañor construction industry epplicotioas. 


Los uz delva n litele move deeply into this revolutícnery concept. 
Feu ieventLons Love moved inte cuch a variety of jobs in so sony different 
ficlds at such opic. ep have computers. Business and government are nov 

epanding elnest four billion dollars per year for electronic processing 
cyetems, aid no real erro La Poo con. Needless to say, such growth 
nan ales broughs ebaus u Du Zur a mole new sev of conditions for run- 

sinn beth business and governwent. in addition such growth has also 
teovohs along the exrceted problems, such as the cost of mambometed sys- 
Sen, ond the fact that they are nob at ali the long-awaited raneger's 
üye of the arrivel of e "cure-all". 
Just how does all this fit ime the plens ond needs of? ke cor- 

struction industry, with all its cupposed distinct end peculiar probleas? 


oturally the commuter could possibly find uses in the normal cr now 
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cb te payne, inpencers 
sows. soci, AY 9 botumo! wee concerdh Ub wupje*t con- 
um at Wake pr. E ret heve written programs whose 
pulpo api te arC CSV pith echedales, ená process reloiod 


emalio tao ers of enllec- 





IO. Tiras Jai. processing also 





thes cl peice. os G inferaation for emlycis amd ectual prosesning 
CES IA de. Cie srel] pov explore eech of there urease bised upon 


Wh lle OF que conzdimchims ismAmwbry included in thie report. 
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In short, most firas simply felt that the acquisition of a couputer, 


z i — — ⸗ — - > P 





| — 
urchase or a rental contract, vas simply too risky end possibly 
A m" un ls = 
E e tonoficial. 'Thio vr£ter does feel, vhen one considero the 
EE + 


p ge profit margin magnitudes in construction, that the permanence of 


p 
2 computer purchase or rental contract 19 indeed risky. Many firms in 
we í 
other lines of endeavor hove paid sericus penalties as a result of con- 
= —— 


4 | ze : 
puter msnsnagenent . For sunller companies such a hich overhead item 
EE LL , K a d 


of the question; and even the largest companies must also 





is simply crt 





conguet e rost thorcugh eccnocie analysis before deciding on such an 


installation. Once madc, such a choise greatly affects future company 
operations in almost all regards. 


Concerning the beneficial aspects of such & system, one mst 





u% thet virtually limitless possibilities do exist, bound only by 


the resources end imegination of company mansgenent. 


4.3 Concept c. Cououter Uteee Centers 

The fino vere thon asked if they made attempts at renting computer 
tine from so-called computer usage centers, which are most common in large 
cities or in the vicinity of voll knew untveroities. The answers were 
broken down into tuo cress. Tia First coneerned uses in the conventional 
vusiness application arcva such as payrolls. Only twenty-five percent 
of tho firms bod ever even attempted to use such centers in this manner. 
This seems to reflect the general conservative nature of construction 


companies, particularly those run by older, less impressed officers. 
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‘The companies vere then asked if they utilized such centers with 
B 


| to CPM enalyois applications. 412 those vho answered in the 








affirmtive to the above question did so again here, along with a few 
pore: companies, as the positive figure had now risen to forty-five 


percent. A amjor reason fcr such a rico lies in the fact that CFM 








computations are of a relatively new and st 
‘ness operations were most fanilier, and changes did not seem needed; 
when CPM uses ware adopted, the computational algorithm wos both novel 


and somewhat cumbersome, especially if much updating were to bda per- 


MEM ———— 


formed. Companies then sought cocputatlonel assistance, sometimes at 


D 


the urging of CPM consultants called in to aid in devising the diagran 
| during the planning phase. The centers most frequented were these 

| operated by the major somuter manıfeeturers such as International 
Business Machines and Generel Electric, and in a few instances, smaller 
local firmo. Major advantages to such use vere the neat and readable, 
bat at times very otrange looking, output ccheéules. By strange, it 
is meant to state that such computer outputs were, at first, most pere 
plexing to construction persommel. This problem has been largely over- 
come since the computer menufecturers and progremmers have joined 
forces with construction personnel to fulfill the industry'o needs 
within the machines’ capabtlities. 4 much oentioned discdvantege to 
such computer center uses was the lengthy "turn-around” times. Turn- 


arcund tiae io thset poriod froa the moment a fira subalts its Arrow 
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diagram data until 1t receives its completed output tableau. 
a this time; bower 


lengthy physical limiting point, unless a common usage scheme such 





currently underway to d 
= 





ime-chering is icplenented. In general, trends seen to indicate 

en increase in the use of such centers in handling complicated projects, 
vhile eie or basic jobs seem to be more and more performed ty means 
of hand calculations, as the firms become more accustomed to the com- 
putations inherent in CPM network analyais. 


= = 


* Dota Transmission 

In reply to a question concerning the use of such data trensmis- 
sion facilitios es the Bell "Data-Phone", not one firm indiceted that 
it had even attempted such a technique to relay information from field 
to office. Such informaticn transmitted could be, perhaps, time rec- 
ords, material arrivals, progress, or delays. Such e scheme could be 
most helpful to a company which has taken on work in an area outside 
dts normal geographical sphere, and some distance away» Most companies 
frankly ndmitted thes they were not at all avere that such systems vere 
available, and did seen to feel that the idea was worth further analysis 
ty the firn. One company was working out a sches with its computer 
rental center, which vould enable its field personnel to transmit daily 
changes to the CPN network directly to the computation point. In such 
cases the relative importance of the project mst justify the cocts 


of data transmission. The writer does feel, however, that the use of 
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‘such data trensaisgíon facilities vill be vastly increased in the very 


= 


4.5 Summary 


In general it ís felt that the construction intustry vill be 
fairly slow in jumping upon the electronic data processing bandwagon, 





primarily due to threo cruses» First the construction industry is 





reserved. ani conservative and has e more or less "wait and seo" 

attitude. Secondly, the work itself is most diverse ín nature and 

company meragemento feel, right or wrong, that it does not leni 

itself to automation. Jastly, tho very size of mary construction 

companies precludes the purchase of, or entrance into, rental egree- 
| ments for euch expensive inctaliotions. 

An increasing use will, however, be made of computer tias 
rental centers, particularly on complicated projects. This vill 
become more prevalent as e larger number of firms become sore pro- 
ficient in the uses cf CFM. Tine-sharing installations seem to be 
the answer to the problem of the necessary reduction of turn-around 
times. Ouch arrangements will eventually prove very satisfactary, 
and at a relatively low cost. It is further felt that the use of 
data treasmission fecilities will also be increased as the uses of 


CPM beccas more universally accepted. 
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CHAPTER 5 


COMPANY CPM BACEGROJUZDS 


5.1 Company CrM Introduction 

As a starting point in this phaac, the companies vere questioned 
perteining to the areas in which thay vere ¿introduced to CPM; and as 
one will see in the folicwing resulte, this presented a spectrum of 
graat variation. In summery the results reed as follows; periodical 
literature, sixty-five percent; academic institutions or CFM courses, 
twelve percent; trade or professional societies, eleven percent; and 
fron miscolianeoua sources, tuelve percent. As would be expected, 
every company contacted hed at least heard of CPM fron soms source, 
be 1% euthoritative or not. 

Regarding the ercas of periodical literature, some coment 
ie infeed in order. As was brought, Torth in tbe introduction to 
this paper, it was in en attempt to improve upon the resulta of 
many of theses articles that this work was undertaken. Nast of 
these articles simply vere not et all general enough in charecter 
to be of great valne. In elmost all instances, they simply pre- 
sented the views cf a particular constructor or projeet adminis- 
trator concerning a specific centrasct, with a rather heavy bias 
toward those with susceseful resulto. In actual practice, nore 
than one firn has been seriously led astray when attempting to 


apply said articles to his ow theatre of work. In all fairness, 
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19 
it aust be stated that these reporte did fulfi21 à fairly important task. 






"ey served as a sort of "herald" for CPM emong the construction industry, 


ey also helped breakdown the netural conservative and resistive 






E 
Aencies of many construction personnel. To this end, it is felt 
that such erticles are informative and vorthwhile, end probably should 
that such es 


be contimied to the extent that they induce appropriate personnel to 








ee further information and aseistance concerning the respective pro- 


e 


blem areas of note. It cannot be emphasized too strongly, that these 
reports are not at all substantive encugh to be utilized as guide lines 
for o firm attempting ite first venture vith CPM. The negative results 
cf companies contacted which attempted this approach should be ample 
warning for the vary. 
Where does one turn for true authoritative and instructive 
information? The survey results seen to point to two prime sources: 
appropriate academic institutions and professional or trade societies, 
along with the specific GPM course of instruction offered by these 
groups. It is the specific goal of theese two sources to formulate 
and present new concepts, such as CPM, in the best manner possible, 
with as little personal bias as possible. The universities are 
naturally well versed in CFM concepts due in no small part to their 
capable staff personnel, who spend parts of lifetimes attempting to 
test, evaluate, improve upon, and present such nev tools as CPM. 


Their effective teaching skilis are also most appropriate in planning 
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and presenting the so-called CIN courses. These courses, usually a 
week or two in length, present the entire concept of CFM to clase 
groups of breadly diverse beckgrounds in a sost respectable manner. 
They all cover every aspect of CFM which could possibly be applied in 
the construction field, and tho course student need merely rule cut 
those portions which he feels do not apply to his particuler firn. 

The moderate cost cf mich courses is also an eåde incentive. Firas 
whieh have sent personnel to such seminars, in alacst ell cases, 

report that the investments have already returned cutstanding dividends 
in terms of improved job control procedures and sacother aduinistration 
of projects. it is strongly recomended that all company key personnel, 
including project superintendents, be sent to such course presentations, 
even if only for illustrative purposes. The comments made ebove apply 
with equal emphasis to the true trade and professional societies such 
as the Associated Generel Contractors, in most every regard. The ree 
sources of such groups have been turned in great degree towerd analyzing 
CEI procedures and instructing their meabers as to their proper and 
effective applications. Some constructors were more inclined to rely 
on this source, rather than the ecedenic groups, because thay felt more 
et hone in these familiar surroundings. This idea has great merit, pare 
ticularly when one considers the points af views of most job superin- 
tendents. Regardless of whether they te academic or trade groups, the 


courses outlined above, it is felt, are cf great valine to all concerned. 
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Swo final points vill nov be discussed. The first of these con- 
corns the passing along o? CP information between or among two or more 
compenies, and only e few words ore needed. Such promelgntion usually 
results frou joint venture contrects of simple friendly and competitive 
Giscussions. When accepting these comments, one must be very objective 
and mke avery effort to amlyze them with regard to one’s ovn operations, 
and not those of the report: 





ig firm. Many of the seme pitfalls are pre- 


sent hera as vere so in the concept of discenination by means of periodical 


Ag a final point let us Giseuss tho resulte of two firms cone 
tactad, which received their introduction to CPM in an actual contract. 
Both firas vere avardod contracts on government projects which speci- 
fied thet Chil mist de utilized, on) neither fire had previously known 
that such a method hed even existed. Needless to say, the results 
were both costly and nearly disastrous in both casos. A CFM consulte 
ent fira hed to eventually be called in, with its associated expense, 
in order to salvage any order at all, end alco ín order to satisfy 
the government requirements. Suffice it to say that, ao relatively 
simple a tool as CEM is, its improper and ignorent use vill surely 
result in a most unbappy ending. At the risk of being redundant it 


is emphasized again that CPi is not a penacea. 
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5.2 CPM, Tte length of Use and Job Sizes 
The compenies which had already utilized CPM in their operations 


had done so for pericds ranging from a few months to over three years, 
with a two year span being the most prevalent length of use. The firm 
with the longest span is considered by many to have been the true pio- 
neer in implementing the uses of CPM in the construction industry. 
Those firas which have only recently entered the field, or have yet to 
do 209, are the more conservatively managed companies or the smaller 
ones; and they have adopted a general “wait and see” attitude and have 
been hesitent in risking any funds in the method. Surprisiagly, a few 
of these are relatively large firms, in terns of annual volumes of work. 
The magnitude of projects which have been controlled by means of 
CPM renged from fifty thousand to sixteen million dollars, with 2 heavy 
leaning to the more expensive vorks. Tt is generally felt that the 
sunller jobs are capeble of being equally and effectively controlled by 
conventional means, vith a lover overnead cost, except in the case of & 
highly complex project. This may be 60, in any case, the firms con- 
tected did state that any size job could be controlled utilizing CFM, 
although tho results may not get tines Justify the cost, or more so, 


the added work, in the case of simple work. 


5.3 Types of Construction 
The sample companies had utilized CFM procedures on the following 


types of construction; schools, hospitals, hi-rise office buildings, 
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research laboratories, major commercial ecaplexes, hotels, factories, 
| complecss, h$snweys, peving, alteretions and rehatilitations. 





Again there existed o heavy leaning to those jobs which vero complex 
in mature, novel in design, or these which required an intricate 
schoule for delivery of components or occupancy. 

There alco seensd to be a trend to most utilize the concepts of 
CEM primarily cn projects dealing with building consteuction methods or 
yreinted fields such as industrial jobs. "ho number ef CHI controlled 
jobs in the area of highway, paving, or any repetitive construction vorks 
were in the definite minority» It is felt thet perheps the appropriate 
managers either felt thet such projeets were already edequately con- 
tyolleA ty senverntiomal means, or said managers vere not as yet swore 
of CPM possibilities in the field e? controlling uxterial and vorker 
arrivals. The concert cf oypproprísto work aereas for CDM will be eore 
fully discussed later in thie paper. An aditional field, worthy or 
further research and study, concerns the applicability ef CPM in corpo- 
rate administrative funtions. This conld be a most rewarding field 


of enfeavor; however, its discussion is beyond the scope of this text. 


5.4 as CFM Used Volunterily? 
Tho carentes which had utilized CPM were questioned as to 


whether they hed done so voluntarily or due to specification require- 
nent, particularly with reference to their first CHEM controlled project. 
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ft is believed that this question 1s of great substance, as one's appre- 
elation for the possible value af CPM is due An no omall pert to one's 
experience on the first contract so controlled. Thirty-five pereant of 
the sample utilized CPM strictly in a voluntary manner, another thirty- 
percent bas utilized CFM only when required to do so. A definite tren’ 
or correlation seeas to present itself here. Of those fizas which had 
enly attempted the uve of CEN when required, all tut ono reported that 
the results of the respective contrects were much less impressive than 
had been anticipated. It seaus that this was due in large measure to 
the fect that, in these cases, the company aanagement did not at all 
traly attespt to incorporate CFM into its work procedures, but was 
merely fulfilling the specification requirements. This concept is more 
fully treated in Chapter 7 of this paper. One added point, however, ts 
that all of these firns apparently realised the actual shortcomings, end 
now have commenced to control contrasts voluntarily ty means of CEM on 
newer jobs, and plan to make their true evaluations based upon these 
unbiased trials. The group of firas which now uses CPN both voluntarily 
ani when required had performed similar evaluation tests on their first 
jobs; however, in these eases, there vas no inherent antagonisa due to 


epecification requirements. 


Seventy-five percent of the contacted firms stated that they never 


had, nor do they plan to, utllizad CPM procedures in bidding a project, 
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prior to the contract evard. The major reason given for such a nega- 
. 
tive ettitule vas the fact that, under the great uncertainty or low 


probability that the firm will ectually win the bid, tbe expense of 








ing a CPM network wae thought simply too great. It is this 


writer's opinion that this is an over-generalized train of thought. 
Since bidding in itself usually requires a very thorough analysis of 
the job in question, one could very enslly sketch cut e "macroscopic" 


/ CPM network for very ganer), uses only. One would then learn such 
things as the planned completion cste, and possible work procedure 
descriptions. Such a rough schedule eculd be devised at almost no 

| cost whiatscever, ond it could also prove to be ef great value in 
preparing a vid. 

OP the twenty-five percent of tho firmo which hed attempted 
such precetnres, they are all truiy sold on its benefits. One 
company related an interesting experience. It seemed that no con- 
trsotors subeitted bids on a particular lump-sum jod, ss thay all 
felt thet the completion dste was not at all reesonable. The fira 
$n question prepared e preliminary CPM network and found ft could 
actually complete the project in even lass Time. Tt was able to 
ccuvinee the owner and architect andi then proceeded to negotiate 
a cost-plus contract. I% is sincerely recoumented that contractors 
examine this concept cf pre-bid CEM use in greet detell, with 


expected most probable gratifying results. 
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5.6 Summary 

This chapter explored in great detail the sources from which 
centrectors first learned the rudiments cf CFM, and also mde definite 
recommendations for the future. It also determined such background 
inforaation as length of time using CFH, The sises cf contrects, and 
the types of work waich utilised CPM. Comments vere also made regard- 
ang the uses of CPM and its variances, depending upon voluntary or 
specification required applications. A strong recommendation vas also 
wade on behalf of the usa of CP, at least in @ rough fora, in dédding 
procoinres. 


ipd Es Aii Rs aaa A 
eat taa ole ba U "O adam NR ο 
V A αν 
r Te ae tre le dr, AAN mE 

—_ Qa ecm + 4 da Sa a 
— — 








33 


CHAPTER 6 


CPM USAGE ANALYSIS 


6.1 Sub-Contractors 

The first topic in this chapter concerns the question of the 
method in which sud~contractors’ portions of work fit into e CPN 
performance contract. It is fairly well know that this area has 
proven to be a probable trouble spot for all managers of construction 
projects, utilizing any form of attempted control. Missed starts 
or completion dates, improper performance, oy even incompetence are 
not at all uncommon in this area of sub-contrector dealings. One 
executive seriously stated that his consumption of aspirin increased 
moro duo to sub-contractor problems thon &s a result of Gealings 
with owners or architects. In attempting to control a CPM network 
procedure, proper inclusion of sub-contractor work is of great 
importance since, of the fires interviewed, roughly sixty to 
seventy percent of the actual censtruction was performed under 
subcontract. Many procedures vere attempted as wild be illustrated 
below. 

Thirty-five percent of the companies handied the problem in 
a purely general manner. They did not at all attempt to determine 
the CPM experience or capabilities of sub-contractors, nor did they 
attempt to educate then nor force CPM concepts upon then. The sub- 


contractors are recuested to furnish firm estimetes of durations 
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for their various aspects of work. Utilieing this information as a 
normal time, CFM networks are developed in the accepted manner. The 
sub-contractors aro then furnished a copy of the final schedule with 
their appropriate stert and completion dates therecn. The respective 
firms reported that this wethod worked at least equally as voll as 
conventional control moans, although one firn did report that it bed 
encountered serious difficulties on almost all vork. This 3atter 
coment seems sore in order, when one consideras the amount of work 
done under subcontract. Of more significance is the fact that such 
work is usually of a specialized or highly compiex nature and vould 
thus be most prone to unexpected delays and intricate material 
schedules. One of the prime benefits in CFM use is its ability to 
aid in controlling such complex and diverse elements as would noraally 
be performed under CPM. Thus, the method of completely ignoring CPM 
in the control of sub-contractors seems to be less than the ideal 
solution. 

Sixty-five percent of the firms, however, did state that 
sub-cemtractors' subsidiary networks are an integral part of the 
CPM applications and are developed in & depth sufficient to achieve 
and maintain trus overall control. The only production restriction 
herein Is the individual sub-contractors’ experience and his educa- 
tional position on the CPM learning curve. The msib-contrector, it 


follows, mist be consulted to a considerable degree in the preparation 
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of the schedule; and consequently, he mist also be held to hío schodule. 
These firms reported that, in almost all cases, results were generally 

very rewarding ani each attempt in this manner showed great improvement 
over the last, as both the prime and sub-contractors had increased their 


CPM capabilities. 


6.2 Major Gains vith CPH 
When asked what major ain is to be recognized in using CPM, 


Just over fifty percent of the firms reported that it showed the job 
inter-zoletícushipo to the manager in a much more detailed senner 
than the Bar chart had ever beon able to, os Bar chart effective use 
required a great deal of actual construction experience. Material 
delivery Cates and actual arrivals could tims be aore effectively 
planned, along with tho schedule zor hiring of skilled verkers. In 
general these pecple folt that, in effect, CMI wae simply an added 
tool ín tho bag of the managers, end 1t enabled him to get e better 
grasp of particular jobs. 

Fourteen pereent of the firms Zeit that the fact that the 
project superintendent and project manager were forced to beceue 
extremely vell acqusintod with all aspects cf the job in ail respects 
prior to the actual construction vag the prime benefit in the usa 
of CPM. Usually these neon became interested in particular job 
portions only when trouble developed, but they nov must learn a 


great deal about most all aspecte simply in order to devise the 
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project network. Granted that this is an added advantage ín the use 
CPM, it is not felt that it should be classified as the major gain. 


Yet another fourteen percent felt that the ability of CPM to 





possibile problem arees or deleys earlier in time than previ- 
ously possible was of the utmost importance. The remaining people 
were Of the surprising opinion that CPM is best utilized in substan- 
tiating requests for extensions in job completion dates or even in 
verifying contractor claims before the courts. One fira reported 
thet through the use of CPM i5 was able to defeat an owner's attespts 
0 liquidate damages by proving, with its network enalysis, that the 
delay in the actual contrect completion date was in reality caused 
by the owner in his given directions. 

The general experiences of the contacted firms was that all 
jobs which had utilized proper application of CPH techniques were 
finished within the accepteble tice and cost limitations. CHi further 
de-enphasizes the minor tine and cost-wasting activities and stresses 
the major controlling events. Alco, all personnel concerned are 
working from the seme program which delineetes individual responsi- 
bilities and theredy eliminates & large portion of the conjecture 


inherent in previous ccnveaticnal control methods. 


6.3 Major Drawhacks of CEM 
in answer to this question, seventy percent of the executives, 


replied that diagrem updating, with its aseceiated volumes of paper 
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work, was the prime drawback to the effective use of CPM. A good many 
of tho fires which replied in this manner also added that this attitude 
vas most prevalent in CFM required contracts, which also stated that 
the disgrams cust be updated regularly. In reality, updating need not 
at all be such a great drawback, even without the use cf electronic 


Thoro le no resi need et ali for the updating of diagrams 





in o prescribed schedule. They shoulé bo so updated only when some 
major jod eestor has raiically veried fron vhat was planned, end fur- 
ther job control is siaply not possible by means of tha present 
diagram. In updating, first, all completed portions of work need 
not be repeated on the nev diagram, anf those aspects yet to be 
actcorpiished may be grouped together in segsents in devising the nev 
network. Such a schewe will give edequate control information; and 
if more Geotail is requived, any of the broad segment activities my 
be easily examined ín greater detail. 

Thirty percent of the firme felt thet the major drawback was the 
cost of devising and keeping up a CFM network, including the high costs 
of conouitent fees when necessary. Some stated that in certain jobs 
these costs vere even greater then the benefits derived fron CPM, 
whatever they may be. This argument does not at all seem to be valid, 
based upon the statenents of the majority of the firms intervieved. 

In e211 feirness it mist ba stated that certain firas felt there 


wera not any real disadvantages to CPM, but they merely listei a minor 
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drevback in order to Tully answer thae question, it is this writer's 
opinion thet the current primo difficulty in the application ef CFM 
fe that the technical state cf the mothod itself is far superior to 


ite rate of absorption by tho operational forces. 


6.4 Diagram Updating 

Updating frequency is of course a completely variable matter 
ácpend2ng entirely upon the job in question. The quostíon was pre- 
seated to merely determine 11 upiating vas practical at ali, cv if 
ít core escompitahed on a regular tino basis regardiess of the need 
or urgency. There was an almest completely even split among tho 
companies on this topic with one third cf them upéeting only vhen 
required due to vast job problemas, ome third updating on a strict 
timo basis such as weekly or monthly, eni the remainder of the firas 
following a course of complete lack of updating regardleas of the 
situation at hand. The mejor conclusion reached as e result of this 
question is that updating frequency should bo Astermined strictly in 
conforaity with the pre-caloulated probability of work difficulty. 
This is to say that a high-risk contract which is prograamed in 
great depth, with a very restricting tine liaitetion, would be 
reviewed very often and update’ as needed. A leass demanding pro- 
ject, bowover, would be reviewed leas frequently, which would 


probably result, in less frequent updating. 
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6.5 Concurrent Use of Par Charts 

The interviewees were ackod $f Bar or Gannt charts wore drawn 
up and used for control purposes of any sort concurrently with the 
CM network. Fully eighty-five percent of the firms stated that Bar 
charts wore indeed drawn up along with the networks, ani most of 
these companies used then to acsist in controlling the work, as they 
were still “feeling their way” in the use ef CPM. A feu firas stated 
that the charts vere draue for displey purposes only or to demonstrate 
progress to ovners uho did not fully understand the operations of a 
CPM netvork. Seno drew up said charts for the benefit af foramen 
or workers who were more nceusiomod to working from thesa gmídes. 
The major computer manufecturers recognize this tendency as they 
have developed CFM programs which print a modified Bar chart output 
along with the CIM schedile. The Bar charts drawn from CFM networks 
are teesicaliy mors preeise and easier to drav than the non-CFN 
devised charts. 12 CEM becomes more generally accepted in future 
years, this redundant effort will almost surely become non-existent. 
Tho Par chart will, kavovar, still remain the prise control doca- 


mest on fairly simple ¿jobs for vhich CPN networks are not developed. 


6.6 Company Tralning Programs 

We shall now consider the mest important concept of proper and 
complete indoctrination or education of company persomel, particularly 
the vorker-manager individual as represented vy the job superintendent, 
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4n the field of CPM techniques end 
that any procedure or method, ragariless of its potential, cannot be 

basic Imowleage of the particular tool’s operations. Considering such 
& Giverse ani difforect: construction schodnling tool es CM, tho idea 





cf proper education is most important. One must naturally know vhat 
CPM is and be avaro of ite limitations in order to devise a network 
diegrom, an? canagemert persomel mst be aware of the wany CPN 
components . 

in addition to this well known concept, CPH presents an added 
subtle problem. in aost 214 construction projects, it ia the true 
ekilled worker, tho ccnctruotion superintendent, whe actually directs 
and controls ell productivo lobor. T6 is thés mna who is the true 
"boga" 2n She eyes cf the worker, end he "est things dene". The 
companies report that ons of the permanent problems which mst be 
overcame in introducing CFM is the strong antagonism displayel by 
guperincenients toward thie naw tool developed, not in the field, 
tut in the conference voom. These wen, then, mist be effectively 
taught the basic rudiments of CPM as a definite prerequisite to 
its successful use, They need not at all learn the theory cf CEN, 


but thay mist be aware of ito general capabilities, l1eitetione, and 


procedures. 
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Sixteen percent of the companies reported that they euployed 





_ i | 
no treining proswen of any kind, be it a form of definite CH courses, 


or informal compony meetings. The primary defense put forth ves that 
the costs wore too great end men such as project superintendents could 
not be relessed for e period. of time to attend lectures. This is not 
et all volid, ag such cor llo3 ccula occur in short time intervals 
guch as ono hour per vol, cx cren between the duration of actual 
contracts. It is interesting to note that these firms were “hose 
which felt that CAM was only of very limites usefulness et best. 
nother elxty percent of the companies reported thet they permied 
activo training progvans, but included oniy office personnel in caid 
sessions. Piel people vere excluded on the premice that they wars 
either unvilling or incarable of scceptang such a technique, These 
companies for tho gosh part vere these which reported great antagonisa 
ca the port c. .ugorinstondenug in implementing Crd. The remaining 
tearty-four perociws bad setup vigorous educational procedures for 
all. concerned personnel, ani they reperted that the results were 
cost previfyiag. In mus, it is felt that superintendents and 
onginesea shonld wort cio cilvooy cn perfecting CFM procedures 
beurzen jobg, ena thet sil newly hired personnel shouid attend the 
formal os eeni-formal courses cófered by many scurcos.  Excotly 
this trená scemo to be appaarins to ea great extent in all large 
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6.7 





Tke firas were questioned concerning the use cf CPN consultants. 
Seventy percent reported that either they had never utilized consultants 


in this area, or they had dene so only on their first CPM contracts. 





Another PEfteen percent hed attemmted much use on more than one job; 
however, the recults were genevally poor. The major faults mentioned 
vere the seemingly high costs of such services, aná the lack of real 
construction experience or ability en the part of most consultants. 
in many instancos thoro s€vicoro5 hed to be "speemfed" concerning 
construction preeedur... Zilina percent of the firms, all of rels- 
tively small. shee, reports” comtimed ameessfal use of consultant 
Ema, It must be stated that the aveilability cf such scurces af 
sssäisteanse is worthwhile, even if used only to bail cut a firm which 
hac FUR into unexpected Cifficuity. More will be seid of this idea 


later in this paper, 


6.8 C&M and Project Cost Curves (Crasking) 

Culy tvo firmo reported that project cost curve extensions 
c? CHI voro on loyca in any manner. Even these Tirus vere only 
projecting such tens cs unloading costs, total costs, and cash 
fiows. ho prevailing theusht oxproscod was that soustruction is 
simply too unprediecioble in most rogards to alloy further refine- 


mont of CEM ¿bo such cron 02 true erash-cost curves. The input 
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data would only be a very rough estimate, end any such attempts would 


be futile. The writer is very auch inclined to grea. 
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CHAPTER 7 


EXECUFIVE MANAGEMENT PARTICIPATION AND CONTROL PROCEDURES 





Tol Executive Involveaent 
= An important basic precept of edainistrative theory states in 
effect that, if any administrative procedure is to succeed at all, 
its concepts aust be truly and completely upheld, pressured, and 
enforced by the highest echelons of ccapany executive manegement o 
With regard to such a novel conecovt as CRM, the ebove recommeiietion 
is of greet laportance. Fogurdless of the amount of CM support 
expressed by project zanagers, its effective impleaentation will 
result only when the executive of the fira also displey great 
onthusiesn in the concept. These executives mst further strongly 
publicite the fact that they truly desire that CPM be accepted 

and successfully implenenteds end, if any failures do result, the 
executive must demend to know the reesons, and he must further 

take steps to correct any faults. Only through such constant 
Vigilance and oamwessive executive forcefulness can CM be effec- 
tively iaplezented. 

fhe interviewed companies were asked i? CTH systems tine 

as spert by executive canagemont in proportion to costs and/or 
expected potentials. [Lully seventy percent reported that this vas 
not at all Gone. Ecescns ¢iven veried from explanations of apology 


for the censervative neture of the company management to attenpts 
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vo pass tho foult on to the fecta that most executives vere fairly old 
and most content with traditional control methods. Unless euch exec- 
utive traditions are overcome vith told and calculated efforts, true 
CEM implementations will not result in company efforts. The firms 
vnich had the desired exoamutivre participation reported that CPM activ- 
ity progvess was reported cm a regular basis, either daily or weekly. 
Executcve muragement then would react vith effeative renefinl checks 


if significant deteriorating trends or varietions developed. 


7-2 CEM Divacion Responsibility 
in ell but three cases the responsibility for devising the 


CEN project networks and effecting its control rested where it truly 
belonged, in the construction or operations division of the fira. 
Individual responsibility was woually delegated to the individual 
project nenager. Iv is felt that this is the desired method, as 

4t is just this areca of the corporation that aust utilize the CFM 
capabilities and should, therefore, maintain cverell control and 
responsibility for their operation. Two Pirus varied this elightly 

by resting Ch responsibility upon the shoulders of tho chief engineer. 
Cue firm stated tha? overall control of CFPM use was left to the 


urement office. hile these varietions may have sore merit, 





pr 
it is comsidered that the fereer technique is most desireable. 
In order to truly wield responsibility ín implementing CFM, 


the highest officer in the area responsible for Cri operations mist 
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be of edequete rank ip the company corporate chain to be able to present 
his teoughts effectively to the chief executive officer. Fifty percent 
of the companion reported theo the chief CP coordinator was on the 


second level. of the corporate ledder, usually in the person of a cospeny 





vice-president. The remaining fifty percent bad lowered the responsi- 
bility one notch, to the third level of corporate structure. From this 
result it would appear thet so long as the CFPM executive is positioned 
high encugh to have corporate ctature, the CPM effort can truly succeed, 
provided this aan pinys an effective role and is given the kind of top 


management Jeedershin alre.iy deccribed. 


7-3 CPN Posteo Follow Uo 

ho fina wore roquoctod to stato íf the use of CPM on perticular 
jens vas followed with grest offort by top management in an atierpt to 
celuste cesto end productivity ani to further atveapt to cvaluate any 
effielensy gained (or lest} by tho uso of CFM. Every company answered 
both aspects of the previous question in the sane manner, either in 
the affiemstive av negative. This is to state thet there were no split 
replies with a yes to one part and e no to the other. Seventy percent 
of the Firas stated that they did not attempt any formal post-joo 
resulto ensiyses; rather they attempted to draw cut some form of 
correlation £roa the orerel2 contract profi%v rate. Thay felt that 
any move detsiled analysis vas not at ell possible. Thirty percent 


cf the interviewees Gid atteapt some sort of review auch as weekly 
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cost checks and complete monthly appraisals, followed oy extensive post- 
Jem statistical end cost evaluation atteupts. The results varied 
considerably, with no cenelusive statements possible. Research into 
this ore» in an attempt to devise a worthy procedure is certainiy 
Geened desireable. 


7.4 CER Cost Accounting 
All but one of the Pinas state’ that they did not etteapt to 


account for CPM expense itens in a particular cost-aeccunt category. 

It wes considered thet euch CPM efforts were in the area of normal 
manegement functions, end as such ehculd be accounted for in the normal 
method for such staff Ox overhead cost items. Most firms followed some 
echoma cf pro-rating distinguishable GPM costs on a distribution method 
to each job. Of course computer time ce caneultent costes are easily 
sogregated arc usually are so accounted fer, allowing for easy pont- job 
cost cocpsriccns, Ons company dees fellow a strict procedure of 
eccouatinmo for all CFM associated expenses, to the extent possible, 

in a specific category. This included time spent on CPM by project 
managers and giniler persom:cl. Perhaps such a system io possible 

for small firms on pms LIG jcha, tut 29$ is felt that such a technique 


eould be too cumbersome on a major contract. 


1.5 CEM Group Control 
While GEM sector personnel must be able to operate without 


undue restraints, they should not of courses operate with complete 
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freedan ef ection, They must strictly coordinate their actions with 
other divisions, euch as purchasing, and as such should be subject to 
ab icasi normal control procedures. Moet all firms indícatod that 
there atisted virtually no formal control procedure as such in this 
area» The primary criterion ves that of tho final profitability of 
the particular contract, ziuce St vas most diffieuit to effectively con- 
trol such an operation as CPM planning and scheduling. This is not 
the opticum procedure. One company did develop e form) delincation 
of checks ani balances, with excellent results, which is worthy of 
documentation. Taorein, each CPM job program and updating una to te 
Ggvocd upon by the job superintendent, the project operations mansgor, 
tho obiof cf cperetiens, and then approved by the director of cone 
struction before gublicatiocn. Remcdial recoupendetions are then 

mede by the CM progremming cannger, a decision le nula, amd action 
is thon directed by the Girector of construction. This procedure 

is of course designed for larger cospeules. Such closo eoutrol is 
maturally nob neecsessy, nor» desired, in tho sdminictretion of a 


gmailer company. 


7-6 CPN and Particalor dob Feasibility 





Zt is granted that CPM is prebebly noo equally applicable to 
all types end sizes of construction projects. There are many vari- 
ables, lerge or small, which would effect thie measure. Therefore 


a thorough feasibility repat for each prospective job, indicating 
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a aúicipated conta benefits, end xicko is possibly be desired. The 


survey brougat forth three generel theres in this area. First there 


ao a k 





58 which really did not telieve in CTH usefulness end uecd 
at ouly On specificeiticn ragvivgā ccaêracto, hence uo true feanibility 
study. The secend @rcup was composed of the companion which still had 
doutts shout GYM, and these attempted to determine 2 CEM truly applied 
to e particular job before weiing a decision comorning its use. The 
third group more or less adopted CH as standera procedure, nn it 
ektonpeed te isolate these jcbs te which CIN definitely did not apply. 
The fives stetca thet very fev arenas were uct suitable far CPi 
application af some sort. hoy Gid in general, hovever, econ to 
cpocisy some limiting type of concept ecoacerming joos in which Che 
use of CPM vould nob? be voytóhunile. This seexed to be any Joo below 
some minim dolicy vainc, which varie? wth the cise of the ccapany, 
without à time or cost vestriciioa, oni no resecnabiy defined scope. 
Sha readers can gga that this aros is still. very much open to eroest 
dctato. Sperlfie aumıyıia stiliu vonid pley a lerae pers in any 


such decisien. 














0.1 Field Personnel 

As vas stated esrlier the aost prominent problem persisting in 
the field applications of CFM is the strong antsgonicen toward ites 
inplecantation displayed by most 211 project superintendents. There 
aan, for tbe most part, have worked themselves up to their present 
position in trao lobos foroa fashion, baving begun work as apprentices 
cr labovers. Cniy a very few of thes are cfvil engineering gratuctes, 
tut rather their oducation was earned through hard work and many years 
in the field. It is oniy natural, thorefore, that they should resist 
ary new msthed which uns not Pield developed, particularly CPM which 
was pushed primarily by the co-celled sophisticated engineers ar 
systems eralysts. The projcct superintendent feels that close con- 
trol and progress in construction projesta is due in no small part 
to his vast experience, and & method oisilar to CFM vill alicv an 
upstart engineer to control projects. This of course is fer fron 
fact, but the elemant of job security ie a very strong motivating 
Loree 

Early etteupts at CPU uze did not at all aid in overcoming 
this antagonien. In most casos the network diagran was entirely 
devised in the offico by engincers and consultants, with no partico 


1petion whatsoever by the job superintendent. It was then thrust 
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upon hin fcr implementations Thus he was saddled with a device about 
which he knew nothing, and he had nothing at all to do with ito 
inception. The natural result ensued. He was far from enthusiastic 
da using CPX, 1f he used it at all; end he was very prompt in putting 
the blame for any construction difficulties upon CFM and its advocates. 
This entire method of opereting, cf course, is wrong, and it est not 
be contimed fox CFM to sucesed. 

This defect was recognised quite early by most Piras, and 
prev tive measures weve attempted. Seventy-five percent of the 
companies contacted did stats that the project superintendent, and 
ecustines other flelá porzomel, vere iucluded in the group which 
deyisgod the network diagrem. He, in most c? these cases, played a 
enjor zolo. Tims he was sade to feel thas this new CPM technique 
vag hig tool as woll as that af the organization. He now felt thet 
it was his responsibility to sea that the cothod was a success in 
the $iold, i? st cll possible. The fires reverted that great 
impravernent in CPH use dePinitely resulted. I vas disturbing to 
the writer to learn that twenty-five percent of the firms hed not 
as yet incluésd the job superintendent in CPM work. Tt was, however, 
this type firma which reported that CPM was of little value to at in 
ite operations. Some of these firms had only perfcrmed one or two 
contracts utilising CH, and thoir procedures surely will be 


improved. 
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More and more companies are elevating field superintendente end 
other field personnel to positions in the CPM operations Group, usually 
in the company construction division. Such close liason is highly 
recommended. Tn summary, complete success in the use of CPM will never 
be achieved unless the personnel wno are required to employ its outputs 


arc included in the group which does the actual planning and scheduling. 


0.2 Responsibility for Success or Pailure 

The compenies voro recuested to report in which of four areas 
the responsibility for success or failure in the use of CPM rested. 
The four areas were: CFM develepment group, executive managerent, 
field superintendent, or CPM iteelf. Based upon what has been stated 
thus far, one vould expect thas sald responsibility should rest with 
company managenent and/or the field personnel, and an interesting 
profilo id result, Forty-five percent of the firms placed this 
responsibility upon the field superintendent, some of these being com- 
panies which dic not include thie ean in the group which devised tne 
network. No effective explanations of this practice were presented, 
other than the concent that the job superintendent is always rezpone 
gible for his contracts. Another forty-five percent placed responsi- 
bility with company cxecutive eensgenent, while ten percent pointed 
towerá tho group which devised the network. Importent to note is 
the fact that none placed blass upon CPM itself. This would lead 


cne to concluda that all Pirms feal that CPM is a definite workable 
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eo 
tool, and the quality of its success resto solely with the menner in 


which cach compeny eaploys fits concepts. 








With toíay's great emphasis upon job specialization, a question 


vas esked of the interviewees which attempted to learn the general 





anager of the CFM group, so-called. This was en 
effort to determine 17 the companies hed breugut in osteide specialists 
to head up thoir groups, such as CP consultante or systems analysts, 
in licu of keeping control in the rands of construction people, where 
it surely bolongc. The Jctter recommended individual indeed wes the 
group lerder ín every company. Kone cf those interviewed had hired 
people from outside the construction industry. The typical manager 
was a graduate eivil engineer, with a few holding advanced degrees 
in business sduinistretion. Sore hed further education in the fields 
Gf programming oy computer analysis. All bad risen in the eonstruc- 
tion industry having hold euch positions as job engineer, estinater, 
project manteor, superintendent, of general contractor. Tears of 
construction exporience varied, depending upon the company, fron 
five to thirty. Considering the peculiar characteristics of tue 
construction industry, it is recommended that thío practice continuo. 
Almost all the firme erorticó that the members of the so-called CF 


group had little or no conmmucer use background. 
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cituctions, Often ouch efforts prove to be equaliy as valuable eB 


the original proposal. With thie possibility in ming the interviewees 
wore asked if they had attenpted to isprove wpon CFM in any parblewler 
manner, Righty peraent of the companias stated tint they had not 
attested any novel procedures, but were using CPM only in the meaner 
prescribed, Tue ciber firma produced. nothing of an eerthshaling 
mature, but thelr wefinsmente were interesting and did result in 
ieproved CP uso. Eac of tha lerger fires presecd Forward vith 
continuous rescarch, — , and Qevolopaont of hasie procecures. 
A few of these have prepared comany CPM bendbooks and textbook 
anuales. A Lem device? Mair coun cosnelly genereted Der chart aut» 
pats fega the arrow di.» ©, or heave eatteapted time seale draw 
arrow Gliesvens, cz ficu Siu vbich ere aativity oriented. One 
Pivw attempted to solve the prooien of having tuouty-Toct diagrams, 

Uy using a normal siacd notebook scheme. The first pege Vas a metro- 
scola nryrow diagram oF the entire job, uct gb ail in detall. Ench 
nuccesding page took en aativity ef the first shest axd expanied it 
ipte woetever detail wos veeuired for the job. This attcups is 


faiply yorthy, as exyone who has attempted to work with one ERICH 
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covered three walls of a room can suroly otste. Yet another firm had 
mado a good eticapt at orercouing the CFM antagonisn of project super- 
intendenta. The superintendent was included in the group vhich devised 
the network, tut an exroyv diagvam itself vas never set up for use in 
the field. Instead, a shoot listing all the work activities in great 
detail and. the planned starting and completion calendar dates was the 
inctyument ocuually used by the field personne). in controlling the 
work. This wet with great acceptance by field workers. The concept 
of oritical activities was still very mach adhered to by such office 
pecple as the project mamigor. Thess attespto illustrate that the 
industry truly feels thai CPM is of great value, and such improvements 
and refinements exe cura to occur on a contimaal basis, with expected 


rewarding results. 
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9.1 Reguirod Une at GEH 

Tue intervievecs vcro requested to state their views with regard 
to the apparent rising trend cf emers and architects requiring the use 
of CFM on projects in specification scetions. The results were gersr- 
ally as vould be expected, with a few surprising concepts. Seventy- 
five percent cf the contractors stated that this was not at all a good 
practice. The general consensus vas that such a control technique as 
CPM was strictly an added tool available to the contractor, and ite use 
should not be dictated by an owner. Since specifications do not spell 
out construction pretedures, but rather minimem requirements; they also 
should not require any particuler control method.  Sos9 builders vere 
of the cpinicn that such practices by ovners were inspired in many 
cases by the opinion of ovners thet the use cf CPM wes a current day 
status oydbol. This is to say thet owners required CFM siaply because 
jt saemed to be a more sophisticated concept. Many firms felt thet 
such requires CP use was generally tco rigidly spacified with spe- 
cifie up^atiug schedules regardless of the need for updating on the 
particuisr job. 

A fov firms had favorable opinions, such as the though? that 
the required use of CFM was the first realistic approach to construc- 


tion taken by architects in many years; however, even these firms 
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indicated that there should be certain factors waich must be considered 
in continuing this practice. First, the owner must bo fully aware cf 
both the cepabilitios and tha láuítotiona of CPM, moreover, they mst 
be fully cognizant of the fact that CPM 1s not a panacea and all con- 


struction and job site prob 





Firms pointed cat that the owners mist also be aware of the fact that 
they be prepared to bear eny increased coste incurred in the use of 
CPs. 

The writer believes that the majority opinion of the contractors, 
thst CPH is a tool for the tuilier and not. the owner, fs a valld cue 
end probably should be the general rule. A contract specification 
stating that CPM will be used contains Jlatont, legal couplexities which 
could beceme the basis for extensive litigation. The complexity fore- 
seen in requiced CFM uso 2s basically contained in the fact that the 
ayríad facto cf technique application inherent in the present state 
of developecrt geuerete eoual quantities of varying procedure. The 
gum of any selccted group of procedures, asa may ba specified by any 
ouner, certainly will not fit the standard personnel characteristics, 
policies, and procedures cf seach contract bldder on a truly equitable 


basis. 


9.2 Consultants and Ability 
A cuestion was asked requesting comeents on the general use of 


CFM consultant firms. Only twenty percent of the firms reported overall. 
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general success in the use of consultants in CPi. Some of these vere 
required to hire consultants, because they had been avarded a CPM 
required use contract without aver before having attempted any uga of 
CPM. In these instances the consultant proved to be a great eid when 
updating was necessary or when radical work departures were needed. 
in general, if a company ic nct fosilicr víth CPM procedures, con- 
sultents cen be most holp?ul in efucating personnel and setting up 
initial procedures. 

Tho opinion of eighty peraent of the compenies was that the 
aajority cf consultent fires are qualified in electronic data process- 
ing techniques and the precedures for gathering ani integrating infor- 
motion; but they lack realistie construction unterstanding ani, therc- 
ora, the ability to readily identify and separate important concepts 
from those vhich are 06 ainimin importance. Á construction contractor 
cannot afford to meko important decisions from opinions and reccamen- 
Gntions that arc ept to be satureted with uncertaintics and unknowns. 


Costs of consultant use 1s also of bearing. 


9.3 CFH Knowledge of Owners 


Tne companies vero askel if they Pelt thet owners possessed a 
correct and ample knowledge of? proper CPM uses. The companies vere 
unanimous for the first tine in this report, in the opinion that 
owners dià not have the needed background in CPM. The concept may 


be summed up in e few words. The public procurement agencies at 
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the federal level hove fundamentally correct and ample, but not 
nocescarily proper, krovlcigzo CC CTM uses as applied to construction. 
Pri; VELE ovaera have very iivolo knouledgo, ac this knowledge vey be 
gained only through cxperience. It is needless to cay that this 
Generel cenzent is supject to crest debate, depending upon toe group 
with whom one is speahing. Problems in this areca, however, ere sure 


ZO lessen vitn the passage of tine. 





CHAPTER 10 


SUMMARY AND CONCLUSION 


10.1 A0odtitionel Compeny Comments 





As the conclusion of the interviewe were approached, the firms 





sero given froe rein to edd any other comments which tney feit could 
be of any importance in the general field of CFPM. Some companies 
chose not to bring up any items at all, but most mantioned concepts 
worthy of some discussion. Seven cf them felt very strongly that a 
general practice of time ccoling CPM diagrems after they are completed 
ehould be adopted in orde to insure that project superintendents 
recamice poak periods of mannover requirements. Such an attempt at 
overceming the ancient problem of resource allocation is worthy of 
marit, at least on tho larger projects. fn added thought pertaining 
to conputer usage presented itself in more than one interview. This 
wag the logical concent that in order for computer use to be ecoron- 
ical, it gust bo used for core then simply calculating the critical 
path and colenínr dating. Perhops & plan for integrating these 
capabilities vith ea power for determlning normel and cresh costs end 
Aurations, upäating teceniques, and normal busineos data processing 
is in order.» 

Despite the intriguing qualities evident in CPM upon initial 
examination, it is not universal in its applications to the construc- 


tion industry. The tremendous impact of the overwhelming detail of 
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e program develcgcd to the greatest depth is euffocating to the novice 
user. The new symbols and language evtonetically create doubt and 
uneasy distrust in the “hod-headed” construction man who takes great 
pride in considering hu sch! en capert in his chosen fleid. The field 
operavioan applicstion cf Cril; therefore, will not achieve eny very 
Large measure of succees until a new and more liberal generation of 
operational personnel han arisen; or, the gradunl transition of an 
on-the-joo training nrogram is eativated by the contrector, end not 
consultants. Most firms were of the opinion thet, in this period of 
progress, ecadexic and other proponents of the techniaue should expend 
moro effort in the develoneent of the basic communicating semantics of 


GPM, and icto on the potertial of electronic data processing. 


10.2 Qveroll Company Evaluations 

To companies were requested to give, in 6 definitive manner, 
their overall appraiccic o? COM commbilitées, in an ettempt to gain 
the general feeling o^ ii. co cucstry with regard to technique. Thirty- 
three percent reperted thet CPM had aided then greatly in controlling 
pyroícots. Another fifty-five porcent steted that the use of CPM ked 
proven to be of come real value; hovever, certain definite limitations 
were currently present. A low twelve percent of the firms wore of the 
opinion that CEM wes of virtually no value to them under normal (por- 


ating conditions. Thus the general opinion wa similar to that which 


was expected, n close to normal, or boll-nhapod, response curve th 
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L e general acc sa e cf Sch uit 


inei questio; LUIS. m y — AM 
PLU e sort of "leaded" in metuze, in en — to 


— int the group whieu Ccotoi-l 

correlation among such qucctions was most —— Tha con panies 
7 hed not really attempted to gain actual CFM workability were 
^ kad Ka < e s 14429 a dE E. K — T 
those which reported iis use to ke of very little volue, Ho more 


— e M 4d 2 
need be statea. 


10.3 Simlation Survey 





As a means of presenting, in a concise and compressed manna, 
tho thoughts e? tan interviewed cenple as a whole with regard to ell 
tho aspects cl CIM, a simulaties skall now be presented. We shall 
follow the course of a hypothetical construction fira througa “be 
enbive gamit of C&M ideas from its introduction to its total imple- 
mentation, All the concents vost from the opinions presented by 
tho interviewed grour. 

Tho Fira ecvld actuclily be in any of the major construction 
Pields, of virtually cny size, and may operate in any geographical 
arca. Cortein veriatioas in implenentetion would result depending 


upon the particular company's characteristics. It need not at all 











> 


Data trenemission ene Au be in use, 


ae sutura. 


The coapeny enculd be intr cduced to CEM elther through 


ation, or at informed profes eionni society ceminers or 
- - 
ft asy use CPM on jobs of any size vith probable little | use 


oa repetitive, easily eon trolled work. A definite ability 








to use CP voluntarily should te present, along with a willingnece to 
do so. On certein critical or restricted projects, the elements of 


CPM cheuld be explcyed as a part of bidding procedures. 





En Gicoct alk cages, the sudecontractor'o work portions seh 
be a definite port of the arrow dierram, ue cajor gein recognized 
throuen CPM would be a mich closer job control, and a greater evare- 
moss Of activity inter-velcticnshin:. The possible major drawback 
would be a Gifficuliy an in 0 oa required. Bar charts will 
probably be ucod concurvcoo tls, cven if only for presentation purposes. 
A strong end complete company COM training program must be adhered 
to. end ite use must definitely include such field personnel as job 
cuperintondouts. The use of project cost curves will probably act 


te extensively followed, bub a progressive firn omy meke come 
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Es ia A e foreofully suggested thet, in epider Por CR use Vo 
succeed, Como “uecutive management parscanal must be completely 


being Los Impleseutsticn) and responeibility for CPM use choala 


regt in the operating ox construction division. Post-job follow up, 


má 


in order to evelust Dl] Cnc.2 la effect, aust be employed on 


every projects. $n 65.1. vn Damme would cbtein the neede com- 


trol over CEM operallona ons vesuler basis. In addition, time job 


feceibility etucics ohuna be perforas od prior to the ccamencanent l 


of cupicying GME techoicuas on cny covpinal project 


TD ADA C phe. ve PES RT. ote Py x to? - esp. ee 
ae Wales seperiuberdeons must, nit EGETO, DE include 


tan the arrow Olegas is Grem up, in order shir che accept the meus. 
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value in planning, school: 7, 251 controlling most ell construction 


projects encountered. 


10. Statistical Summary nnd Conclusion 

The reader is now referred to Figure 10.1; which is a summery 
statistical tableau of the main points of this paper. Across the 
top OC the matrix ara the overall evaluations of the Pirms with 
regard to CRA. These axe: a great oid, of some value, and of little 
value et best. The left side presents seven key concepts, and dise 
plays tho ensvura in percenteges releted to the respective evaluations. 
From this, one is expected to be able to derive come self-evident 
CORCAUSLORS» 

The omeorchin ov cuenito vontel of cemsputer systers seems to 
ploy little perú in vi 020 ul implementation of CFM; although 
this eculd te subject vo chance in the future. The use of CFM rental 
centers deas, however, seen to play a part. The more succeseful 
firas Gid euploy cuch means to @ relevant degree. The use of Bar 
charts concurrently with CEM. and the employment of CPM in bidding 


“ocedures folioy a similar pattern but to a lesser degree; and 


DW 


are yrobably net points of great importance. 
The remaining threa issues are the true keys to proper and 
meceseful icolomentesion of CPM. There was unanimous agreemens on 


the part of the firas which felt CPM to be e great tool, concerning 


there concepts. There mot be a vigorous CPM training program in 





COXPANY CPN EVALUATIONS 


Aided Firn Cf Sone 
Greatly Value 
Yes Ro Yes ko 
Dcos company cun 
or vent computers 17 93 O 100 
n firm promises? 
Does firu make use 
oO? couputer rentol O 29 50 50 
centess for CEM use? 
Ave Tar charts 
used conourvently 65 35 90 10 
viva CENA 
E “here a vigorous 
copony CHA 100 O 80 20 
erzining program? 
ia CPM systems tine sens 
by iir executive manage” 300 O co SO 
mens to great decreas? 
Ave Tiera ners enel 
incide” 10 00165 up 100 O 50 50 
ÈVE ALBERS 
fs CEM used 
in bidding 50 50 20 80 
procedures? 
(ALL Fisoves Exryversod Ac Percents) 
grax i: COMPARTSON SUMMARY 
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Of Little 
Value 
Yes No 

O0 2100 

O 100 
100 0 
O 100 
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O 100 

oO 100 





67 





farca for field es well as office personnel; company executive manage- 
mens must truly back CIM concevts ond spond appropriate tine ia this 
ares, and field personne! cucs vo included in the group which devises 
the Arrow Glagram at the start. The firms which used CFM with only 
sore nominal success seemed to generally hold these ceme opinions, 
bus with muon less overall agreement. Most important to note is the 
fact that those firas vvhich felt CPN was virtually of no value vere 
in direct dicarreement with these basic conclusions in every respect. 


Fo use a definite cliche, the figures speak with great force, 


10.5 Conciysien 
% this point the regdor han surely been able to grasp the 
generel opinions ond procedures in effect with regard to the critical 
paih method in the constructicn industry. He has learned of pocr, as 
voll es good practice, ‘orol': Jofined in a relative manner. Ho has 
hod reccumerástiono fov Loo s000100t90 presented to him, based upon the 
fcolings of the interviewed semple. Iù is sincerely hoped that this 
propor hgs shed sone Light upon tho field of CFM use, fron the point 
of view of the actual user, the construction industry. At is further 
locired thet thie report will resvlt in improved practice ty both the 
omer-erchitoet»ongineer, end the construction contractor. This 
ropor$ is by no means oll inclusive and tho end af further quests for 
greater refinement. Any of the many areas touched upon herein. lov 


themselves quito readily to greater research end effort. It is 
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finally reguestcad that mich more dotalledl vork be undertaken ia the 
immediate future Lor the ultimate benefit of all those concerned with 
the groat and vonderful construction industry, with which T eo most 


proud to essociaete wyecl?. 
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APPENDIX 1 
CPM - GLOSSARY OF TERS 
Activity - 2 specifie iton ol vork which mast be cempleted prior to 
the start o? a sutsccuent activity 
Crash Cost - cont to porfOra ea activity at cresh tine 


YARD Time ~ shortest time in which an activity aay be completed 
essuming infinite resources, or management imposed linite 


ravical Acbivity - an activity Por which an increase in duration 
would cause equal increase in totel project duration 
viticol Fath - e colieeticn of cennected critical ectivities frou 
origin to terminal nade 


7 


urction - the timo in which an activity ie scheduled to be completed 


E 


Eorlioss Evcis Tame « the earliest point in time that en ectivity can 
De comleted Lf all preceding activities are completed in 
pcheculed Gurations 

Early Finish - is cariiest point in time that an activity can be 
me if all preceding activities are done in their 
cehaduled durations 


Sardar Stars - ecrlic 2 007 7 7 — tim that an activity can be started 
iT &ll sse el “ri tios are dong $n thelr scheduled 
Curavion 


Brent = a starting or cnding point af an activity or string of 
petiviiies - events correspond to nodes 


Elogi « the emount of extra time available to perform an activity 
vi chew’ üclaying project completion 


Plosser « an activity valeh has float and is nob critical 
UVeco Plont - the ameno 02 tine an activity can be lengthened without 


effecting the earliest cterting tine a ony enccesding 
ectivity 








] hw M a 2 
P o mE 


"Jw 
te — - latest point in tine thet an activity can be > compl bed 
E without delaying the scheduled project enet 

= a 


Late Start - the latest Lo in Me vidi an activity wem € € 
u still allow leyi 
COS» ic ht on 


I atest Event fine - the latest point in tino thet an event mey occur 
without lengthening the preset ‘duration 
oral Cost - ine least cost for an activity 
KE real Time - the activity; Curotion of least cost 
a m E 
Grigin - the start of a (70/222 or the point vhere work first ct 
ca e project 





Project - the entire goal os end, such as all the work cover 
construction contract 


Project Duration = the scnueduled execution time for the emtire project 





Slopa =- the cost to shorten the duretion of the activity one day below 
a given Guravion 


Terminus e the ond o? the project on4 signifies total project completion 
Total Floet « the oaxisen ancumt of time the scheduled duration of en 


accivesy een be Lengthened without delaying the scheduled 
cc-vlotien of the entire project. Its use may, however, 








ph E the finishes or starts of eny preceding or succeeding 
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APPERDIX 2 


CPM GEI DI GUSACK QUESTIONUAZRE 


COAPANZ INFOMATION 


Estimated annual volume of business. 
Major field of construction work. 
Percentage of subcontracted work. 
Primary geographical area of work. 


ELECTRONIC DATA PROCESSING 


Does this firm now om cr rent any electronic data 
processing equipacnt which is loceted on conpany 
preni sea? 

Ts any use now being made cf computer usege or rental 
centers? 

a) For business or data processing purposes 

b) For CEM useda 

Ave you now euploying any data transmission equipment 
(such ag deta-phoneo) to transnit data from field 
sites to home office cy computer centers? 


Cow Dene 
Has Coupo oy lord o CFM uses? From where? 


Bas company used CPM et all? 

a) How long? 

b) Size of jobs? 

c) Types o? construction? 

à) Voluntarily cr due to specification requirenents? 
c) Is CEM used in bidding procedures? 


CTH UCAGE ANALYSIS 


How do subecutractors* portions of work fit into a 
CPM performed contrect? 

Uhat are the major gains recognized thus far in 
utilizing CIN? 

¿Na? are the current cajor dravtaciks? 

How often are iogrens uräeted? 








2. Are Dar or Gannt charts used concurrently with CPM on 
projecte? 
“6. Ye there any type of ccapary training progran in force 
to educate staffo la the CPM flelds? 
(Particularly are project superintendents able to 
efficiently work with CPX?) 
. T. Res tho use cf consulting fires been atteapted vith 
regard to CFA? With what degree o£ success? 
8. Is tha usc of CFM extended into the areas of developing 
project cost curves? 





DIVISLOM Ve EREOULTVS 1. HD CINEBP POARYTICIPATION 

“ dí le Cri cyirtons time epent by executive — done 
so in propoxtion to costs end/or expected potential? 

- 2. Which company division is responsible for oh” 
applications? 

e) How many levole down the corporate chain of command 
io the highest position in the CEM applications 
group? 

the CEM group in the Estiaating Department? 

tho company ouno or rente a computer, 2s CFM group 

osely involved vith data processing people? 

tho usc of CPM on particular jobs followed up with 
— effort by top earagamert in an attempt to 
evainunte cests and protuctivity? 

G. Are postejob analyses made in an attempt to realise 
covings oni efficiencies gained (or lost) ty tre use 
co CPM? 


JI 
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DIVISION VI ~ CIM COREROL PROCODUNES 


3. Bow is tho cost of CPM work accounted for in financial 
job-coco roo 

2. What typi © 
Group: 

3, Ave area: fo. iossible CPM uses selected cn the basis 
of fescibility squdies for cach job? 
ea} Whet types are not suitable for CEM? 


A 
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vol is exercioed over CPM operations 


DIVISION VII - CONPABY IUVOLVEUCIR 


. do Aye field personnel included in the group which devises 
CPM netucrk? 











DIVISION VIII - 


— 


Are any ex-field personnel now nembers af a CPM viel? 
Where does responsibility for CPM cuccess or feilure 
rest? l 

e) CTH group 

d) Top menegenent 

c) Field superintendent 

d) CEN íitcolf 

c) Other 

Viet is the CPM growp manager's background? 
Vhet is the computer use beckground of CPM group? 
Has your firm attezpted to improve upon CFPM use on 
ite own 3n any woy? 





SPELL IG" IGI AOCOUTREMERNES 


What ore your comments with regara to the rising trend 
of owners qm the use of CPM on projects ín 
specifications? 

Comer on the general use of CPM consultant fires in 
planning a CUN project and uring theo actual construc- 
ticn pıınze. 

Bo you find that the using facilities (omers, etc.) 
havo a correct and ample knowledge of proper CFM uses? 


SUMMARY 


Pleass take free wlll here to add eny other coments 
you feel could be of importence in tbis general field 
of CPH. 

Bo you feel trat CFPM has aided your firm greatly, very 
little at best, or is it virtuelly of no great value 
go You? 





PARTIAL LIST OF PARPICIPATING COMPANIES 


(An additionel tuelve firas did not permit use of company name.) 


Abevtinw Construction Co. 
CD State Strecs 
Poston 9, Norcichusetts 


Bescon Construction 
100 Hano Street 
Aliston, Maseachusetts 


Pranch? Construction Co. 
29 Betertowa Strect 
newton, Massechuse tes 


“a 


Jackson Construction ins, 
Ola Mill Building 
SWeuwvon, Macaononusctto 


Mills & Jones inc, 

ACO 23rd Street So. 

P., O. Box 26% 

5%. Petersburg, Floride 


SB A Allen C^ ocruction 
320 Bother?orol ^Avenvo 
Charlestown, Massachusetts 


Vappi cn Corpeny 
240 Sidnoy Street 
Corbridge, Macogsckoce 55 


Basic Construction Co. 
Headquarters 
Bewporí News, Virginia 


Blount Brothers Carporetion 
79 Ceamerce Street 

P. 0. Box hg 

Montgomery, Alobogma 


George A. Fullor Co. 
11 Beacon Street 
Boston, Massachusetts 
(District Office) 


George B. H. Macoaber Company 
25 Furúhom Road 
Allston, Mascachusetts 


Kishara Construction Co., Inc. 
169 Pine Street 
Beast Natick, Massachusetts 


Perini Limited 

49 Jackes Avene 
Toronto 7, Ontario 
Ceneda 


Turner Construction Co. 
38 Newbury Street 
Boston, Naseachisetts 
(District Office) 


Volpe Construction Co., inc. 
51 Eastern Avenue 
Melden, Massachusetts 
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Wayrcon Eros. 
33 Casoridge Perkway 
Cambridge, Massachusetts 


Wexler Construction Corpany 
138 eedhan Street 
Gewton, Mascachusevis 


LU 
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Del E. Yebb Corporation 

P. 0. Box 39692 

5101 San Fernendo Roed Went 
Lco Angeles 33, California 

















